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(54) Method for correcting density irregularity and image recording apparatus using the method 



(57) A belt-like pattern, or the like, is printed at a 
predetermined-gradation value in the first main scan- 
ning direction of the line head 66 (S1); a scanner 51 is 
relatively moved along the first main scanning direction 
of the line head 66 while aligning the second main scan- 
ning direction of the scanner 51 with the subsidiary 
scanning direction of the line head 66 to thereby detect 
printing density of the belt-like pattern, or the like (S2); a 
correction condition for each pixel position on the basis 
of the detected printing-density value and the predeter- 
mined-gradation value is obtained (S5); and image data 
for image recording is corrected on the basis of the 
obtained correction condition (S9). Thus, a density 
irregularity correction method can be provided for cor- 
recting density irregularity accurately without influence 
of individual sensitivity of scanners of an image record- 
ing apparatus using the methods. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a technique for s 
correcting recording density irregularity in image 
recording by using a line head. 

[0002] To prepare a printing plate from a color sheet 
of manuscript to thereby perform printing on a large 
number of sheets of paper, proof printing is performed io 
and then final printing is performed after the finished 
state of the proofs is checked. In the proof printing proc- 
ess, a color proof is produced and the image quality of 
the color proof is checked. The color proof is obtained 
by the steps of: thermally transferring an image to a 75 
receiver sheet by a thermal printer; and transferring the 
image formed on the receiver sheet to a sheet of paper. 
[0003] As is known well, in an image recording appa- 
ratus such as a thermal printer, or the like, while a glaze 
formed by arrangement of heating resistors correspond- 20 
ing to one-line's pixels in one direction (a first main 
scanning direction) is relatively moved, together with a 
printing medium, in the subsidiary scanning direction 
substantially perpendicular to the direction of the 
arrangement of the heating resistors in the condition 25 
that the glaze is slightly pressed against the printing 
medium, the respective heating resistors in the glaze 
are heated in accordance with image data of a record- 
ing image. As a result, an image is thermally transferred 
to the printing medium to thereby form a recording 30 
image. 

[0004] In the image recording apparatus using the 
aforementioned recording method, when, for example, a 
recording image is formed by use of image data having 
one and the same predetermined-gradation value, 35 
recording density irregularity such as shading, or the 
like, in which the density of the formed recording image 
varies in accordance with the heating resistors, may 
occur. This is inevitable because the shape of the glaze 
of the line head is not always uniform. In some image 40 
processing apparatus, density irregularity correction is 
performed for image data in advance to prevent lower- 
ing of image quality caused by density irregularity. 
[0005] A specific example of the density irregularity 
correction method is the following method. 45 
[0006] First, an image is recorded on the basis of 
image data having a uniform gradation in the first main 
scanning direction of the line head. The thus recorded 
image is scanned by a densitometer such as a scanner, 
or the like, moving relatively in the subsidiary scanning so 
direction of the line head to thereby detect printing den- 
sity. The printing density obtained for each pixel is com- 
pared with the gradation value of the image data to 
thereby conect the gradation value of the image data. 
[0007] In the conventional density irregularity correc- 55 
tion method described above, however, printing densi- 
ties in different positions of the recording image are 
detected individually by detection elements of the scan- 



ner. Accordingly, the printing -density value may vary in 
accordance with the individual sensitivity characteristic 
of the detection elements of the scanner. Generally, the 
sensitivity characteristic of the detection elements of the 
scanner is not uniform in the strict sense, so that print- 
ing densities to be detected as the same value originally 
are detected as different density values. As a result, the 
correction values which are set on the basis of the 
detected printing-density values become incorrect. 
There arises a problem that appropriate density irregu- 
larity correction cannot be made. 

SUMMARY OF THE INVENTION 

[0008] The present invention is designed to provide 
density irregularity correction methods for correcting 
density irregularity accurately without influence of indi- 
vidual sensitivity characteristic peculiar to a scanner of 
an image recording apparatus. 

[0009] In order to achieve the above object, according 
to an aspect of the present invention, provided is a 
method for correcting density irregularity in image 
recording using a line head, by comprising the steps of: 
printing a belt-like pattern at a predetermined-gradation 
value in the first main scanning direction of the line 
head; relatively moving a line sensor along the first main 
scanning direction of the line head while aligning a sec- 
ond main scanning direction of the line sensor, which is 
corresponding to a scanning direction of said line sen- 
sor, with the subsidiary scanning direction of the line 
head to thereby detect printing density of the belt-like 
pattern; obtaining a correction condition for each pixel 
position on the basis of the detected printing-density 
value and the predetermined-gradation value; and cor- 
recting image data for image recording on the basis of 
the correction condition. 

[0010] Preferably, in the above method, the belt-like 
pattern includes a plurality of belt-like pattern portions 
printed at least two gradation values selected in the 
proximity of the predetermined-gradation value; and 
averages of printing-density values are obtained for the 
plurality of belt-like pattern portions respectively and the 
correction condition is set on the basis of the change 
ratios of the obtained averages of printing-density val- 
ues to the gradation values of the belt-like pattern por- 
tions. 

[0011] For example, in the case of belt-like pattern 
portions printed at two gradation values, a correction 
condition is set on the basis of the ratio of the difference 
between averages of printing-density values to the dif- 
ference between the gradation values. In the case of 
belt-like pattern portions printed at three or more grada- 
tion values, the distribution of printing-density values for 
the gradation values is subjected to linear approxima- 
tion, or the like, to obtain change ratios, so that correc- 
tion conditions are set on the basis of the change ratio. 
[0012] Preferably, in the above method, the belt-like 
pattern includes first and second belt-like pattern por- 
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tions which are printed at a first gradation value as the 
predetermined-gradation value and at a second grada- 
tion value near to the first gradation value, respectively; 
and averages of printing-density values are obtained for 
the first and second belt-like pattern portions respec- 5 
tively and the correction condition is set on the basis of 
the ratio of the difference between the obtained aver- 
ages to the difference between the first and second gra- 
dation values. 

[001 3] Preferably, in the above method, the predeter- 10 
mined-gradation value is any one of gradation values 
obtained by division of a gradation range up to the max- 
imum gradation value into a plurality of equal stages; 
and correction conditions for all gradations are set by 
interpolation on the basis of individual correction condi- is 
tipns set for the respective stages. For example, in the 
case of image data of 256 gradations, a range of from 0 
to 255 is substantially divided into four equal parts so 
that five gradation values of 0, 64, 1 28, 192 and 255 are 
set. The values of 0 and 255 are not corrected and cor- 20 
rection conditions for the gradation values of 64, 128 
and 192 are obtained. Correction conditions for grada- 
tion values of 0 to 255 are set approximately by interpo- 
lation on the basis of the obtained individual correction 
conditions for the gradation values of 64, 128 and 192. 25 
[0014] According to another aspect of the present 
invention, provided is an image recording apparatus 
comprising a correction value table storage portion for 
storing a correction value table for gradation value cor- 
rection determined on the basis of printing-density val- 30 
ues of image patterns printed, an image memory for 
storing image data corrected on the basis of the correc- 
tion value table, and an image correction control portion 
for controlling correction of image data, characterized in 
that density correction data obtained by a method such 35 
as will be shown in this invention are stored in the cor- 
rection value table storage portion. 
[0015] Preferably, in the above method, an image is 
recorded, by a thermal head, on a thermal transfer 
recording material having a substantially transparent 40 
heat-sensitive ink layer, the ink layer containing 30 to 70 
parts by weight of pigment and 25 to 60 parts by weight 
of amorphous organic high-molecular polymer having a 
softening point of from 40°C to 1 50°C, the ink layer hav- 
ing a thickness of from 0.2 \xm to 1 .0 jim, 70% or more 45 
of the pigments contained in the heat-sensitive ink layer 
having particle sizes not larger than 1.0 jim, optical 
reflection density of a transfer image being not lower 
than 1 .0 when the thermal transfer recording material is 
formed on a white support. so 

BRIEF DESCR IPTION OF THE DRAWINGS 
[0016] 

55 

Fig. 1 is a conceptual view showing the configura- 
* tion of an image recording apparatus according to 
one of modes for carrying out the present invention; 
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Fig. 2 is an explanatory view of the image recording 
apparatus depicted in Fig. 1 in the case where a 
printing operation is performed; 
Fig. 3 is an explanatory view of the image recording 
apparatus depicted in Fig. 1 in the case where a 
receiver sheet is ejected; 

Fig. 4 is a conceptual view showing the configura- 
tion of a recording portion of the image recording 
apparatus according to the mode for carrying out 
the present invention; 

Fig. 5 is a flow chart showing a procedure for cor- 
recting density irregularity to form an image; 
Fig. 6 is a view showing belt-like pattern portions 
recorded at set gradation values with respect to 
sample gradation values; 

Fig. 7 is a view showing the relation between the 
first main scanning direction of the recording appa- 
ratus and the second main scanning direction of the 
scanner; 

Fig. 8 is a graph showing distributions of detected 
values of printing densities at respective set grada- 
tion values; 

Fig. 9 is a graph showing the relation of the density 
value detected by the scanner with respect to each 
set gradation value; 

Fig. 10 is a graph showing gradation correction val- 
ues versus gradation values of input image data; 
Fig. 1 1 is a view showing data on a correction value 
table; 

Fig. 12 is a view showing intermediate data on the 
correction value table; 

Fig. 13 is a view showing data in an addition value 
matrix. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Embodiments of correcting recording density 
irregularity in image recording according to the present 
invention will now be described with reference to the 
drawings. 

[0018] One of modes for carrying out the present 
invention will be described below with reference to Figs. 
1 through 1 1 . Fig. 1 conceptually shows the main con- 
figuration of an image recording apparatus according to 
a mode for carrying out the present invention; Fig. 2 is 
an explanatory view of the image recording apparatus 
depicted in Fig. 1 in the case where a printing operation 
is carried out; and Fig. 3 is an explanatory view of the 
image recording apparatus depicted in Fig. 1 in the case 
where 3 receiver sheet is ejected. 
[001 9] This image recording apparatus 1 0 (hereinafter 
referred to as "recording apparatus 10") is configured as 
a recording apparatus with a laminator in which a pair of 
pressing/heating rollers are provided in a sheet carrying 
path of the recording apparatus. The laminator-includ- 
ing recording apparatus 10 comprises as main constitu- 
ent members: a platen 601 ; a thermal head 61 which is 
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a line head having heating elements disposed in oppo- 
sition to the platen 601 ; an ink ribbon 64 put between 
the platen 601 and the thermal head 61 so as to be fed 
with advance of printing; a receiver sheet supply roll 
6320 wound with a receiver sheet 632; a paper supply 5 
cassette 6310 containing sheets of paper 631; an ejec- 
tion tray 6314 for ejecting a sheet of paper 631 after 
transferring an image to the sheet of paper 631 ; a with- 
drawal tray 6326 for withdrawing the receiver sheet 632 
after transferring an image to a sheet of paper 631 ; a 10 
pair of pressing/heating rollers 603; and a pair of releas- 
ing rollers 602. 

[0020] A metal plate 631 1 urged upward by a spring 
6312 is provided in the paper supply cassette 6310 so 
that the metal plate 631 1 urges sheets of paper 631 15 
upward to press the sheets of paper 631 against a 
pickup roller 604. The uppermost sheet of paper 631 
pressed against the pickup roller 604 is put between the 
pair of pressing/heating rollers 603 by a pair of paper 
supply rollers 605 when the pickup roller 604 rotates. 20 
[0021] The pair of pressing/heating rollers 603 are 
formed so as to be reversibly rotatable and movable 
both in a direction of approach of them to each other 
and in a direction of separation of them from each other. 
The pair of pressing/heating rollers 603 are designed so 25 
as to carry a combination of sheets (the receiver sheet 
632 and a sheet of paper 631) while pressing and heat- 
ing the combination of sheets in the condition that the 
pair of pressing/heating rollers 603 move to approach 
each other and to cancel the pressing/heating of the 30 
combination of sheets in the condition that the pair of 
pressing/heating rollers 603 move to separate from 
each other. 

[0022] A receiver sheet cutter 6325 is provided in a 
withdrawal path 6324 between the pair of pressing/heat- 35 
ing rollers 603 and the withdrawal tray 6326 so that the 
receiver sheet cutter 6325 cuts the receiver sheet 632 
which is carried to the withdrawal path 6324 after the 
completion of image transferring. 

[0023] The operation of the laminator-including 40 
recording apparatus 10 configured as described above 
will be described below. 

[0024] In printing, as shown in Fig. 2, the receiver 
sheet 632 is fed out of the supply roll 6320 by the quan- 
tity corresponding to one sheet of paper and then an 45 
image is printed by the thermal head 61 while the 
receiver sheet 632 is rewound on the supply roll 6320 in 
the direction of the arrows shown in Fig. 2. In this occa- 
sion, the pair of pressing/heating rollers 603 stand by in 
the condition that the pair of pressing/heating rollers so 
603 are moved so as to separate from each other, so 
that the pair of pressing/heating rollers 603 never touch 
the receiver sheet 632. In the case of color printing, this 
sequence is repeated by the number of times corre- 
sponding to the number of colors. 55 
[0025] For instance, the receiver sheet 632 is a ther- 
mal transfer recording material having a substantially 
transparent heat-sensitive ink layer .which contains 30 



to 70 parts by weight of pigment and 25 to 60 parts by 
weight of amorphous organic high-molecular polymer 
having a softening point of from 40°C to 150°C , which 
has a thickness of from 0.2 urn to 1 .0 jim, in which 70 % 
or more of pigments have particle sizes not larger than 
1 .0 fim, and having optical reflection density of a trans- 
fer image being not lower than 1.0 when the thermal 
transfer recording material is formed on a white support. 
[0026] To transfer an image to a sheet of paper 631 
after completion of printing on the receiver sheet 632. 
the receiver sheet 632 having the image printed thereon 
is fed out again by the quantity corresponding to one 
sheet of paper so that the forward end portion of the 
receiver sheet 632 is disposed in a neighbor of the 
insertion position between the pair of pressing/heating 
rollers 603 at the time of image recording. 
[0027] Then, a sheet of paper 631 is pulled out from 
the paper supply cassette 6310 by the pickup roller 604. 
At the point of time when the forward end of the sheet of 
paper 631 has passed between the pair of press- 
ing/heating rollers 603. the pair of pressing/heating roll- 
ers 603 are moved to approach each other so that the 
combination of the receiver sheet 632 and the sheet of 
paper 631 is carried upward in Fig. 1 while both the 
receiver sheet 632 and the sheet of paper 631 are 
pressed and heated simultaneously. In this occasion, 
when the pair of pressing/heating rollers 603 are made 
to approach each other at the point of time when the for- 
ward end of the sheet of paper 63 1 has passed between 
the pair of pressing/heating rollers 603, the forward end 
of the sheet of paper 631 gets in a state in which it does 
not adhere to the receiver sheet 632. 
[0028] The forward end of the sheet of paper 631 
which does not adhere to the receiver sheet 632 is 
released by the releasing rollers 602. The sheet of 
paper 631 thus released from the receiver sheet 632 is 
ejected to the ejection tray 6314 by a pair of carrying 
rollers 606 after releasing. Incidentally, when the for- 
ward end of a releasing claw 65 is inserted into between 
the receiver sheet 632 and the sheet of paper 631 , the 
sheet of paper 631 can be released more securely. 
[0029] At the point of time when a neighbor of the rear 
end of the sheet of paper 631 has passed between the 
pair of pressing/heating rollers 603, the pair of press- 
ing/heating rollers 603 separate from each other to 
return to standby positions. 

[0030] On the other hand, the receiver sheet 632 is fed 
out so that a portion of the receiver sheet 632 from 
which an image has been transferred to the sheet of 
paper 631 comes to the position of the receiver cutter 
6325 as shown in Fig. 3. The image-transferred portion 
is cut and withdrawn to the withdrawal tray 6326. Inci- 
dentally, the step of feeding out the receiver sheet 632 
for the withdrawal serves also as the step of feeding out 
the receiver sheet 632 for preparation for next printing. 
[0031] In the feeding-out step, configuration may be 
made so that the rear heat roller (in the left in the draw- 
ings) does not separate. In this case, a portion of the 
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receiver sheet to be subjected to next printing is heated 
in advance, so that substances in the recording surface 
of the receiver sheet are stabilized. This brings an effect 
that recording sensitivity is stabilized. 
[0032] Further, in the case where the step of transfer- s 
ring an image to the sheet of paper 631 is to be omitted, 
a non-transferred portion of the receiver sheet 632 can 
be obtained by the steps of: feeding out the receiver 
sheet 632 to eject a printed portion of the receiver sheet 
632 to the withdrawal tray 6326; and cutting the printed 10 
portion of the receiver sheet 632 by the receiver sheet 
cutter 6325 to eject the non-transferred portion of the 
receiver sheet 632 to the withdrawal tray 6326. 
[0033] A recording portion 20 of the recording appara- 
tus 10 will be described below with reference to Fig. 4. 15 
[0034] The columnar platen 601 provided in opposi- 
tion to the thermal head 61 rotates, for example, coun- 
terclockwise to carry the receiver sheet 632 and 
presses both the thermal head 61 and the ink ribbon 64 
by a predetermined pressure toward the thermal head 20 
61 , so that the ink ribbon 64 is wound up on the take-up 
side 641 through a guide roller 643. 
[0035] The receiver sheet 632 to which an image is 
thermally transferred through the ink ribbon 64 by heat- 
ing resistors of the thermal head 61 , is driven to be car- 25 
ried by a pair of rolls 607 and 608 via the platen 601 . 
[0036] In the thermal head 61 which is. for example, 
provided to record an image not larger than B4-size 
(crown quarto) at a recording (pixel) density of about 
300 dpi, heating resistors for recording a one-line's por- 30 
tion of the image on the receiver sheet 632 are arrayed 
in one direction (perpendicular to a plane forming Fig. 
4). 

[0037] The platen 601 rotates at a predetermined 
image-transfer speed while holding the receiver sheet 35 
632 in a predetermined position to thereby carry the 
receiver sheet 632 in a direction substantially perpen- 
dicular to the direction of extension of glaze 61a of the 
thermal head (that is. in a direction of the arrow b in Fig. 
4). 

[0038] When an image is to be recorded by this 
recording apparatus, a predetermined transfer start 
position of the receiver sheet 632 is carried to a position 
opposite to the glaze 61a and then the receiver sheet 
632 is carried in the direction of the arrow b by the 45 
platen 601 while being aligned with the ink ribbon 64 (in 
accordance with each of colors Y. M, C and K in the 
case of a color image). 

[0039] With the carrying of the receiver sheet 632, the 
respective heating resistors of the glaze 61 a are heated so 
in accordance with image data of the recording image to 
thereby perform transfer recording to the receiver sheet 
632. As a result, an image corresponding to the record- 
ing image is transferred to the receiver sheet 632. In the 
case of a color image, monochromatic images are ss 
transferred, for example, in order of Y, M, C and K, to the 
receiver sheet 632 so as to be superposed on one 
another. 



[0040] Here, an image data correction control system 
for correcting image data of the recording image in the 
recording apparatus according to this mode includes: 
an image correction control portion 1 for correcting input 
image data to generate corrected image data; a correc- 
tion value table storage portion 2 for storing a correction 
value table for correcting image data; and an image 
memory 3 for storing the corrected image data. 
[0041] A method for correcting image data by the 
aforementioned image data correction control system 
will be described below with reference to a flow chart 
shown in Fig. 5. A density irregularity correction method 
in this mode is schematically to detect printing-density 
values of image patterns recorded at predetermined- 
gradation values to thereby determine values for cor- 
recting the gradation values of image data on the basis 
of the ratios of the obtained printing-density values to 
the gradation values. The detailed procedure will be 
described below. 

[0042] First, in step S1 , belt-like image patterns shown 
in Fig. 6 are recorded at predetermined-gradation val- 
ues respectively by the recording portion 20. For exam- 
ple, in the case of image data of 256 gradations, the 
three stages of 64. 128 and 192 which are intermediate 
values between 0 and 255 are selected as sample gra- 
dation values Di (i=1 to 3) (in which D0=0 and D4=255). 
For each of the three sample gradation values D1. D2 
and D3 except the minimum and maximum gradation 
values DO and D4, the gradation value Di and gradation 
values Di±5 obtained by addition/subtraction of a prede- 
termined gradation width (for example. 5 gradations) 
to/from the gradation value Di, that is. three gradation 
values Dai(=Di-5), Dbi(=Di) and Dci(=Di+5) in total are 
set. That is, a set gradation value group consisting of 
three gradation values is set in correspondence with 
one sample gradation value. Such set gradation value 
groups are set for three sample gradation values, so 
that three groups, that is. nine gradation values are set 
in total. 

[0043] Although this mode has been described upon 
the case where the sample gradation values are set as 
three stages (D1, D2 and D3), the present invention is 
not limited thereto but may be applied to the case where 
the number of stages is reduced for simplification of cal- 
culation or to the case where the number of stages is 
increased for improvement of accuracy in setting the 
correction values. Although the predetermined grada- 
tion width is selected to be 5 gradations, this value may 
be preferably set so as to be suitably changed in 
accordance with image data used. Further, either addi- 
tion or subtraction of a predetermined gradation width 
may be set so that the two gradation values of a prede- 
termined-gradation value and a gradation value 
obtained by addition or subtraction are used as one 
group for performing processing after that. Further, a 
plurality of gradation values (for example, five gradation 
values in total, that is. a predetermined-gradation value 
Di, Di±5, Di±10) with a sample gradation value as its 
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center may be set so that the plurality of gradation val- 
ues are used as one group for performing processing. In 
any case, the aforementioned values are preferably 
determined on the basis of balance between correction 
accuracy and processing time. 5 
[0044] (a) of Fig. 6 shows results of recording in the 
first main scanning direction (heating resistor position 
H=0 to 3647) of the recording apparatus at three set 
gradation values corresponding to a sample gradation 
value DI. Similarly, (b)of Fig. 6 and (c) of Fig. 6 show io 
results of recording corresponding to sample gradation 
values D2 and D3 respectively. Although printing den- 
sity in each of belt-like pattern portion is ideally uniform 
and equivalent to the set gradation value as the grada- 
tion value of the image data, the actual recording results is 
may show that the printing density is often shifted from 
density corresponding to the set gradation value or var- 
ies in accordance with the recording position to thereby 
bring density irregularity in the first main scanning direc- 
tion. 20 
[0045] The case where the sample gradation value is 
64 (D1=64) will be described below as an example for 
simplification of description. Assuming now that set gra- 
dation values expressing gradation values of image pat- 
terns as a correction reference are Da1=59(=D1-5), 25 
Db1=64(=D1) and Dc1=69(=D1+5) respectively then 
patterns at the set gradation values Da1 , Db1 and Del 
are recorded successively on the whole surface (the 
maximum recording width of the thermal head having 
3648 heating resistors) of the thermal head 61 in the 30 
first main scanning direction so as to be shaped like 
belts respectively, as shown in Fig. 7. 
[0046] Then, in step S2, a scanner 71 having a line 
sensor shown in Fig. 7 is disposed so that the second 
main scanning direction of the scanner 71 is substan- 35 
tially perpendicular to the first main scanning direction 
of the thermal head 61 , and the scanner 71 scans in the 
direction of the arrow as the first main scanning direc- 
tion of the thermal head 61 to detect respective printing- 
density values La(H), Lb(H) and Lc(H) of the belt-like 40 
pattern portions against all pixels (H=0 to 3647 pixels on 
the assumption that the detection resolution of the scan- 
ner coincides with the interval of arrangement of the 
heating resistors). In this occasion, each of the printing- 
density values La(H), Lb(H) and Lc(H) is obtained by 45 
averaging printing-density values (printing-density val- 
ues in the same H position) against several pixels in the 
belt width of each belt-like pattern. In this manner, not 
only variations in sensitivity characteristic of respective 
detection elements of the scanner are averaged but so 
also printing-density values can be detected accurately 
even in the case where, for example, white missing dots 
or black dots are printed on the belt-like pattern or dust, 
or the like, is deposited on the belt-like pattern. 
[0047] In the case where the detection resolution of ss 
the scanner does not coincide with the interval of 
arrangement of the heating resistors, a resolution 
changing process can be performed by a known 



method. Further, because it is difficult to dispose the 
scanner in a perpendicular position strictly, a position 
detection pattern may be preferably disposed in the 
printing image in advance so that this pattern is used as 
a reference for performing image rotation and the reso- 
lution changing process. 

[0048] For example, the printing-density values La(H), 
Lb(H) and Lc(H) obtained by scanning with the scanner 
71 exhibit density distributions as shown in Fig. 8. As 
shown in Fig. 8, the printing-density values La(H), Lb(H) 
and Lc(H) are displaced from the set gradation values 
Dal , Dbl and Del respectively in terms of absolute val- 
ues. The quantity of displacement varies in accordance 
with each pixel and in accordance with each set grada- 
tion value. Accordingly, correction processes are 
required in accordance with pixels and gradations in 
order to obtain uniform density corresponding to the set 
gradation value. 

[0049] In step S3, averages LaAV, LbAV and LcAV of 
the printing-density values La(H), Lb(H) and Lc(H) 
obtained by scanning with the scanner are obtained 
against all pixels. 

[0050] Then, in step S4, correction coefficients Ri (in 
this case, i=1) are obtained. The correction coefficients 
Ri which are the ratios of gradation values to printing- 
density values in neighbors of sample gradation values, 
are calculated by the expression (1 ). 

Ri = (Dei - Dai)/(LcAV - LaAV) (1) 

[0051] Fig. 9 shows the relation of the density value 
detected by the scanner with the set gradation value. In 
Fig. 9, the correction coefficient Ri expresses the 
change of the density value detected by the scanner in 
a neighbor of each sample gradation value, that is, the 
correction coefficient Ri expresses an inclination 91. 
[0052] Then, in step S5, gradation correction values 
Xi(H) for correcting printing-density values appropriately 
are calculated by the expression (2) with Ri obtained in 
the step S4. 

Xi(H) = Di - {LbAV - U)(H)}Ri (2) 

[0053] In this manner, printing-density correction val- 
ues against all pixels at a sample gradation value 
D1=64 are obtained. 

[0054] The aforementioned process for calculating 
gradation correction values Xi(H) is carried out upon all 
the sample gradation values Di (i=1 , 2, 3) (steps S6 and 
S7). When scanning is performed relatively along the 
longitudinal direction of the belt-like pattern by the scan- 
ner to detect printing density to thereby calculate grada- 
tion correction values with correction coefficients on the 
basis of the ratios of the obtained printing-density val- 
ues to gradation values, gradation correction values can 
be determined accurately in the aforementioned man- 
ner even in the case where, for example, a different type 
of scanner is used or a scanner irregular in sensitivity 
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characteristic in the second main scanning direction is 
used. 

[0055] After gradation correction values Xi(H) corre- 
sponding to all sample gradation values Di (i=1, 2, 3) 
are calculated, gradation correction values correspond- 
ing to respective sample gradation values Di are 
obtained for all pixels as shown in Fig. 10. Fig. 1 0 shows 
gradation correction values only for three pixels H=0, 
1800 and 3647. Incidentally, gradation correction values 
corresponding to sample gradation values DO and D4 
are set to be 0 and 255, respectively, for all pixels. 
[0056] Then, in step S8, gradation correction values 
x(H) for all gradations are obtained approximately on 
the basis of the discrete gradation correction values 
Xi(H) obtained in the step S5 correspondingly to respec- 
tive sample gradation values. Specifically, gradation 
correction values are interpolated into between respec- 
tive sample gradation values, for example, by a linear 
interpolation process, a spline interpolation process or a 
general interpolation process using an arbitrary function 
on the basis of gradation correction values X0(0), X1 (0), 
X2(0), X3(0) and X4(0) for one and the same pixel (for 
example, pixel of H=0), so that gradation correction val- 
ues x(H) for all gradations are obtained. By the interpo- 
lation process, gradation correction values can be 
obtained with practically sufficient accuracy, so that the 
process for calculating gradation correction values can 
be simplified. 

[0057] Then, in step S9, a correspondence table 
showing gradation correction values x(H) corresponding 
to all gradation values, that is, all gradations of from 0 to 
255 for all pixels in the first main scanning direction of 
the recording apparatus, that is, pixels of from H=0 to 
3647 as shown in Fig. 1 1 is stored in the correction 
value table storage portion 2. Here, it is necessary to 
convert the gradation correction values as integers 
because the gradation correction values are set as gra- 
dation values of an image directly. Examples of means 
for converting a number as an integer are the following 
two methods. 

[0058] A first method is a method for rounding a deci- 
mal to the nearest integer number simply. 
[0059] A second method is a method for performing 
conversion on the basis of a probability means. When, 
for example, a gradation correction value inclusive of 
decimal places is 128.5, the correction value is 
regarded as 128 in the case where the line position in 
the subsidiary scanning direction is an even-numbered 
line position, and the correction value is regarded as 
129 in the case where the line position in the subsidiary 
scanning direction is an odd-numbered line position. A 
specific method used for this process is as follows. First, 
all gradation correction values inclusive of decimal 
places are quadrupled and decimal places of the quad- 
rupled correction values are cut. Accordingly, the grada- 
tion range of gradation correction values of from 0 to 
255 are extended to a gradation range of from 0 to 
1020. That is, a correction value table shown in Fig. 12 



is generated so that first, printing gradation data of gra- 
dation correction values of from 0 to 255 are converted 
into gradation data of from 0 to 1020. 
[0060] Then, values of 0 to 3 determined on the basis 

5 of the printing position are used as addition values 
which are added to data of 0 to 1020, so that the grada- 
tion correction values are converted into values in a gra- 
dation range of from 0 to 1 023. 
[0061] Then, each of the values is divided by 4 and 

w decimal places are cut. For example, the aforemen- 
tioned addition values may be determined by use of a 
matrix shown in Fig. 13. By the aforementioned proc- 
ess, gradation correction values are converted into inte- 
gers. 

is [0062] In this occasion, u shown in Fig. 13 corre- 
sponds to the remainder when the heater position H is 
divided by 4, and g corresponds to the remainder when 
the subsidiary scanning line position is divided by 4. 
When, for example, the heater position is 105th order 

20 and the subsidiary scanning line position is 63rd order, 
the relations p=1 and q=3 are obtained. From Fig. 13, 
the addition value is determined to be 1 . 
[0063] Assume now that the gradation correction 
value is 128.3, then the conversion of the correction 

25 value into an integer in the aforementioned manner is as 
follows. First 128.3 is quadrupled and decimal places of 
the resulting number are cut, so that the correction 
value is converted into 513. Then, an addition value in 
accordance with the printing position with reference to 

30 Fig. 1 3 is added to the converted correction value. After 
addition, the resulting number is divided by 4 and deci- 
mal places are cut. 

[0064] That is, the correction value is converted into 
128 in the printing position exhibiting the addition value 

35 of 0, the correction value is converted into 128 in the 
printing position exhibiting the addition value of 1, the 
correction value is converted into 128 in the printing 
position exhibiting the addition value of 2, and the cor- 
rection value is converted into 129 in the printing posi- 

40 tion exhibiting the addition value of 3. Because the 
probabilities that addition values of 0 to 3 will appear are 
equal, the correction value of 128.3 is converted into 
128 in a probability of 3/4 and into 129 in a probability of 
1/4. 

45 [0065] Although the expressions "to quadruple" and 
"to divide by 4" are used in the above description, it is 
unnecessary to perform such multiplication and division 
actually because of only difference in decimal places in 
binary notation. When, for example, lower 2 bits of a 

so value of 0 to 1023 expressed in 10 bits are neglected 
(not connected in terms of hardware) and upper 8 bits of 
the value are used, a state equivalent to the state in 
which "the value is divided by 4 and decimal places of 
the resulting number are cut" is obtained. Accordingly. 

55 numbers can be converted into integers quickly even in 
the case where the quantity of data is enormous. 
[0066] The step of forming an image of input image 
data will be described below. 
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[0067] First, in step S1 0, image data from the outside 
are inputted into the image correction control portion 1 . 
For example, image data stored in a recording medium 
such as a photomagnetic disk, a floppy disk, or the like, 
are read out or image data are taken in by communica- 
tion with an external apparatus, so that the image data 
are inputted. 

[0068] Then, in step S1 1 , gradation correction values 
corresponding to pixel and gradation values of the input 
image data are read with reference to the correction 
value table stored in the correction value table storage 
portion 2 with respect to the pixel values of the input 
image data. The gradation correction values are sup- 
plied to the image memory 3 so that corrected image 
data are constructed on the image memory 3. 
[0069] Then, in step S12, the corrected image data 
stored in the image memory 3 are supplied to the ther- 
mal head 61 in accordance with a recording instruction 
of the image correction control portion 1 , so that the cor- 
rected image data are formed on a heat-sensitive film A. 
[0070] The recording image constituted by the thus 
formed corrected image data is obtained as a high-qual- 
ity image free from density irregularity because density 
irregularity in the first main scanning direction of the 
thermal head 61 is corrected appropriately with respect 
to all pixels and all gradation values. 
[0071] As described above, in the mode for carrying 
out the present invention, the scanner is moved in the 
first main scanning direction of the thermal head to 
thereby detect printing density recorded at a predeter- 
mined-gradation value. Accordingly, density irregularity 
in the second main scanning direction can be measured 
in the same condition, so that printing density can be 
detected accurately. Further, density values detected by 
a plurality of detection elements contained in the scan- 
ner are averaged to obtain a printing-density value. 
Accordingly, detection accuracy can be improved more 
greatly. Accordingly, even in the case where sensitivity 
characteristic in the second main scanning direction of 
the scanner is irregular or the scanner is not calibrated, 
density irregularity appearing in the first main scanning 
direction of the thermal head can be corrected accu- 
rately. 

[0072] According to the present invention, printing 
densities of belt-like patterns, or the like, recorded at 
predetermined gradations are detected while a line sen- 
sor is relatively moved along the first main scanning 
direction of a line head. As a result, not only detection 
errors of the printing densities can be reduced but also 
gradation correction values can be stably detected with- 
out influence of individual characteristics of different line 
sensors, or without influence of sensitivity characteristic 
depending on different detection elements of a line sen- 
sor. Accordingly, density irregularity can be corrected 
accurately. 

[0073] Further, conditions for correction of discretely 
set gradation values are obtained by interpolation for all 
gradations. Accordingly, the correction conditions can 



be set easily with practically sufficient accuracy without 
detailed detection of printing densities for all gradations. 

Claims 

5 

1 . A method for correcting density irregularity in image 
recording using a line head, comprising the steps 
of: 

10 printing a belt-like pattern at a predetermined- 

gradation value in a first main scanning direc- 
tion which is corresponding to a scanning 
direction of said line head; 
moving a line sensor relatively along said first 

is main scanning direction while aligning a sec- 

ond main scanning direction, which is corre- 
sponding to a scanning direction of said line 
sensor, with a subsidiary scanning direction, 
being substantially perpendicular to said first 

20 main direction, to detect printing density of said 

belt-like pattern; 

obtaining a correction condition for each pixel 
position based on detected said printing-den- 
sity values and said predetermined-gradation 
25 values; and 

correcting image data for image recording on 
the basis of said correction condition. 

2. A method for correcting density irregularity accord- 
30 ing to Claim 1 , wherein: 

said belt-like pattern includes a plurality of belt- 
like pattern portions printed at least with two 
gradation values which are selected in proxim- 

35 ity to said predetermined-gradation value; and 

averages of printing-density values are 
obtained from said plurality of belt-like pattern 
portions respectively and said correction condi- 
tion is set based on change ratios of said 

40 obtained averages of printing-density values to 

said gradation values of the belt-like pattern 
portions. 

3. A method for correcting density irregularity accord- 
45 ing to Claim 1 . wherein: 

said belt-like pattern includes a first and a sec- 
ond belt-like pattern portions which are printed 
at a first gradation value as said predeter- 

so mined-gradation value and at a second grada- 

tion value in proximity to said first gradation 
value, respectively; and 
averages of said printing-density values are 
obtained for said first and second belt-like pat- 

55 terns respectively and said correction condition 

is set based on ratio of difference between said 
obtained averages to difference between said 
first and second gradation values. 
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4. A method for correcting density irregularity accord- 
ing to any one of Claims 1 through 3, wherein: 

printing a plural of said belt-like pattern at said 
predetermined-gradation values in a first main s 
scanning direction; 

each of said predetermined-gradation value is 
any one of said gradation values obtained by 
dividing a gradation range, which covers up to 
the maximum gradation value, into a plurality of 10 
equal stages; and 

correction conditions for all gradations are set 
by interpolation based on individual correction 
conditions set for said respective stages. 

15 

5. An image recording apparatus comprising: 

a correction value table storage portion for stor- 
ing a correction value table for said gradation 
value correction based on said printing-density 20 
values of image patterns printed by a method 
according to any one of Claims 1 through 3; 
an image correction control portion for control- 
ling correction of image data; and 
an image memory for storing corrected image 25 
data based on said correction value table. 

6. An image recording apparatus comprising: 

a correction value table storage portion for stor- 30 
ing a correction value table for said gradation 
value correction based on said printing-density 
values of image patterns printed by a method 
according to Claim 4; 

an image correction control portion for control- 35 
ling correction of image data; and 
an image memory for storing corrected image 
data based on said correction value table. 

7. A method for correcting density irregularity accord- 40 
ing to any one of Claims 1 through 4, wherein a 
image is recorded, by a thermal head, on a thermal 
transfer recording material having a substantially 
transparent heat-sensitive ink layer, said ink layer 
containing 30 to 70 parts by weight of pigment and 45 
25 to 60 parts by weight of amorphous organic 
high-molecular polymer having a softening point of 
from 40°C to 150°C, said ink layer having a thick- 
ness of from 0.2 prn to 1 .0 urn, 70 % or more of said 
pigments contained in said heat-sensitive ink layer so 
having particle sizes not larger than 1 .0 urn, optical 
reflection density of a transfer image being not 
lower than 1 .0 when said thermal transfer recording 
material is formed on a white support. 
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